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1 Overview

ERD-R2412NACO0-001 is a high-performance tracking radar module specifically designed for
the 24GHz frequency band. This module integrates advanced microstrip antenna technology and
features a one-transmit-two-receive (1T2R) configuration, ensuring stable capture of target
trajectories even in complex environments. The built-in intelligent algorithm firmware enables
precise recognition of human motion states and real-time multi-target tracking through

high-performance digital signal processing. It is widely applied in diverse AloT scenarios.

2 Function Descriptions

Distance Measurement Function

‘:‘

It can calculate the relative distance between the human body and the sensor in real
time when the human body is in motion.

‘:‘

Angle Measurement Function

It can calculate the relative angle between the human body and the sensor in real time
when the human body is in motion.

Micro-movement Detection

It can detect tiny movements of the human body such as tilting the head, raising the

‘:‘

hands, and turning around within a relatively short distance.

3 Functional Characteristics
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24GHz ISM frequency band
FMCW modulation

Ripple rejection via algorithm processing
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User-definable detection range
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Trajectory tracking capability
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Distance measurement and recognition of movement direction
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4 Application Scenarios

Detects human position and trajectory, then reports the sensing data to the master
control module for intelligent appliance operation.

Smart Bathroom

‘:‘

Interval Sensing: It can identify whether the human body is approaching or moving away
within the predefined distance interval, and thus achieve the function like intelligent lid
opening.

5 Technical Specifications

Table 1 ERD-R2412NACO0-001 Technical Specifications

Parameters ‘ Minimum ‘ Typical value ‘ Maximum ‘ Unit ‘ Remark
Power Suppl
R S 47 5.0 120 v
Voltage
1. This module operates with a
cycle period of 50ms ;
2. RFsleep time :32ms ;
Average current: 8+2mA ;
3. RF active time: 18ms ;
Operating Average current: 30£3mA ;
2 16 140 mA
Current 4. Module complete cycle
average current : 16£2mA;
5. The peak current of this
module is 140mA which
Caused by RF pulse
transmission with 40us.
Distance
) 0.6 - 3 m
Detection Range
Operating
24.00 - 24.25 GHz
Frequency Band
Output Voltage 4.7 5.0 53 Vv
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6 Operating Conditions

Table 2 Operating Conditions

Operating Environment

Temperature J0C#30°C

Storage Temperature -20°C~+60°C
Operating Humidity RH 25%~75%(Non-Condensing)
Storage Humidity RH 25%~75%(Non-Condensing)

The product maintains full functionality after passing the following tests:
1. 40+2°C operating temperature for 1 hour;

2.93+3% RH for 48 continuous hours;

3. 2-hour stabilization at 25+5°C ambient temperature.

Others
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7 Product Dimensions and Interfaces

7.1 Housing Dimension

Unit: mm
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Figure 8-1 Dimensions of the Housing of ERD-R2412NAC0-001
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7.2 Pin Definitions

Table 3-1 Communication Pin Definitions

Pin Pin . ..
. Function Description Remark
Number Definition
1-red VCC Power input, 4.7 - 12V, with a typical value of 5.0V. 47~12V
2-black GND Ground connection. -

Serial port TX pin;
3-green OT1 . 0-5.3V
can be multiplexed as an output IO level.

Serial port RX pin;
4-blue O_T2 ) ) 0-5.3V
can be multiplexed as an input IO level.

8 Installation Instructions

<+ Confirm minimum installation gap
If the radar needs to be installed with a shell, the shell must have good wave transmission
characteristics at 24GHz and must not contain metals or materials that have a shielding

effect on electromagnetic waves.

\J
-+
-

Installation environment requirements

The product should be used in an appropriate environment. Using it in the following
conditions will affect detection performance:

® Non-human objects continuously moving within the sensing area, such as animals,
continuously swinging curtains, and large green plants facing the airflow outlet..

® large areas of strong reflection within the sensing area and strong reflectors facing the
radar module antenna will cause interference.

® When installing, consider external interference factors such as air conditioning and fans

on the indoor ceiling.
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< Installation precautions
® Try to ensure the radar antenna is directly facing the area to be detected, with no
obstructions around the antenna.

® Ensure the radar module's installation position is firm and stable, as movement of the
radar module itself will affect detection performance.

® Ensure the back of the radar module has no moving or vibrating objects.

e If multiple 24GHz frequency radars are present, avoid direct alignment of radar beams
to prevent mutual interference issues.

‘:‘

Power supply precautions

® The power input voltage range is 5~12V, and the power ripple should be within £5%.
Also, consider the relevant ESD and lightning surge electromagnetic compatibility
design.

9 Warning statements

FCC Regulations:

This device complies with part 15 of the FCC Rules. Operation is subject to the following two
conditions: (1) This device may not cause harmful interference, and (2) this device must accept
any interference received, including interference that may cause undesired operation. This device
has been tested and found to comply with the limits for a Class B digital device, pursuant to Part
15 of the FCC Rules. These limits are designed to provide reasonable protection against harmful
interference in a residential installation. This equipment generates, uses and can radiated radio
frequency energy and, if not installed and used in accordance with the instructions, may cause
harmful interference to radio communications. However, there is no guarantee that interference
will not occur in a particular installation If this equipment does cause harmful interference to
radio or television reception, which can be determined by turning the equipment off and on, the
user is encouraged to try to correct the interference by one or more of the following measures:
- Reorient or relocate the receiving antenna.

- Increase the separation between the equipment and receiver.

- Connect the equipment into an outlet on a circuit different from that to which the receiver is
connected.
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- Consult the dealer or an experienced radio/TV technician for help.

FCC Note:

Caution: Changes or modifications not expressly approved by the party responsible for
compliance could void the user ‘s authority to operate the equipment.

RF Exposure Information

This device meets the government’ s requirements for exposure to radio waves.

This device is designed and manufactured not to exceed the emission limits for exposure to radio
frequency (RF) energy set by the Federal Communications Commission of the U.S. Government.

This device complies with FCC radiation exposure limits set forth for an uncontrolled
environment. In order to avoid the possibility of exceeding the FCC radio frequency exposure
limits, human proximity to the antenna shall not be less than 20 cm (7.847 inches) during normal

operation.
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1. BBy Purpose

RXAEEXT TOTO R DR =m0 8 D@L,

Model : ERD-R2412NAC0-001

This document defines the serial port communication protocol for the TOTO smart toilet sensor.

2. 36E Scope
AXHEERFIE FAM4IP AR

This document is intended for use by project development and maintenance personnel.

3. BOB{F15EAP Serial Communication Specification

214 Parameter Name

S#{E Parameter Value

JE4FZR Baud rate 9600
$IBAL Data bit 8
B Parity Jc none
{Z1F4I Stop bit 1
#E74% Data flow control T none

fE4it& 3. Frame format :

START | hito | bitl | bit2 | bit3

bit4

bit5

bité | bit7 |srop

wmIgh—fr, B 0 /. & USART BfEH, —MEUE (8 3 9 fi) MREFEWIRFIECE
AMRIMAEI RS (LSB), HESMUBIRIEL (MSB).

ﬂ‘] 1\ 21.?[0

The start bit is one bit long, represented by '0". In USART communication, the transmission and
reception order of a data frame (8 or 9 bits) can be configured to be from the least significant bit (LSB) to
the most significant bit (MSB), or from MSB to LSB. The stop bit, represented by '1', indicates the end of a

B T R —MNER, MBTREE

frame, and the number of stop bits can be configured as 1 or 2.

REE (%) A = 3%, Error EW)is = 3%.

Waiting for your suggestion at anytime. -11-
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4. ZGHEE System Block Diagram

Init State

Self-check State

l
=
e

Sensing State

Configuration State

4.1 A B Command Configuration Process
FILIECHERFNE 1 . BAIT—KEERSHNEIREES LAY "RiXES" 581K ‘BE

¢ ACK AT, HEIAL ACK BEHEIE ACK KM, NEMAELHTRER K.

Radar command configuration process is shown in Fig.1. The process of executing a configuration
command by the radar includes two steps, i.e., the upper computer ‘sending the command’ and the
radar "replying with an ACK command". If the radar does not have an ACK reply or fails to reply ACK, it
indicates that the radar has failed to execute the configuration command.

WRIFTA, EERREEAEMGSH, FREFTERE REFHES . HEORETHZE, X
® EEERES SHEREECEER.

As previously mentioned, before sending any other commands to the radar, developers must first send the
‘configuration start command’ . Once the command configuration is completed, send the
‘configuration end command’  to inform the radar that the configuration has ended.
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Bl EEERELERESH B LANAE REFHES FREIFIL ACK e BRE H
WS 152 FREIEIX ACK githfE, &ERE "ERELERIES 189 FHILX ACK fifE, RH§A
TENERSHINELE

E.g., To read the radar configuration parameters, the Host computer first sends the ‘configuration
start command’ . After receiving the radar ACK, it then sends the ‘read parameters’ command; after
receiving the radar ACK, it finally sends the ‘configuration end command’ ; after the radar ACK, it
indicates that the complete action of reading parameters has ended.

BEYLE  WEAHETHOLERN, FEERE KEFRES . BEKE EEFKRIES ZE,
HA 5 TN CEEMR. KNTMNEES &6 BHEXGCHEER 5 DRITH. TR,
BIARIESWAS,, THMAHERL ., IR 5 DRFRXFEREEEAHS, KEMNRL EREEES
K&, MEEFTEES, FHaLQUEdE. IFFARETL FEEFRE EEFGRES FBH
AT B EIEA.

Timeout mechanism: Before issuing command processing to the radar, it is necessary to first send the

‘configuration start command’ . After receiving the ‘configuration start command’ , the radar enters a
5-second command configuration phase. During this phase, multiple commands can be configured, and
each command will restart the 5-second countdown. During the countdown phase, the radar will not
output any data other than command responses. If the radar does not receive any commands within 5
seconds, it will automatically exit the command configuration state and return to normal operation mode,
outputting detection data. To reconfigure the radar, it is necessary to send the ‘configuration start
command’ again to initiate a new timing cycle.

B ATARABBTEERRNARE, BilEEXLEES B ERREFE 500ms L.
Suggestion: To effectively avoid the occurrence of communication blocking, it is suggested that the time

interval for sending commands to the radar be maintained at 500ms or more.
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A “REFHES"

B nd “CONFIG_START” comman

Receive rad response

B “RELAIS”

giend "CONFIG_END" commang

B = XAk ARTh —&
Receive rada PCESS respanseﬂ—‘

Y

5

1 BILIERERERER / BEERFZEF
Fig.1 Radar Command Configuration Process
4, 2 BNIRS Sensing status
wMERIX 50 ZFABA, &/N\K 50 2R, &KX 1000 ZF.

The detection interval is measured in units of 50 milliseconds, with a minimum of 50 ms and a
maximum of 1000 ms.

4.3 BRRAE Self-test Status
TOTO & #E DiRfERES & OB TR A6 184, A6 IES MO B HRZ A T Ik TOTO EEE O

SR EBERR 8], RARFIZETEM.
TOTO smart toilet sensor serial communication protocol reserves Command A6. The core purpose of
the A6 command is to accelerate the problem localization time during the process of adapting the TOTO

serial port protocol, and to enhance the reliability of system interaction.
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IHEERNYL Functionality and Protocols

5.1 hill#& = Protocol Format

Model : ERD-R2412NAC0-001

FEX Field

KE Length
(Byte)

6 BA Clarification

misk Frame header

1

ElE 4 0XD7 fixed to 0XD7

S % Command

word

1

REQ 8 &+ %A Types of REQ command word :

0x01 : T/ILFF*$8% radar switch command

0x02 : $KEUEIARCE retrieve radar configurations

0x03 : X E LS4 modify radar parameters

0x04 : EIRFFXFES report switch command

0x07 : $ENE LA E R A S retrieve radar fireware version
number

0x08: ELEFFR154 configure start command

0x09: BLEBZERIES configure completion command

RSP 43 A Types of RSP command word :

0xAl : E1AFF3% ACK ACK of radar switch

0xA2 : EIRFIAECE report radar configurations

0xA3 : &5 %L ACK ACK of modifying parameter

O0xA4 : FEIA _E3RFF < ACK ACK of radar reporting switch

OxA5 : FIAF &) IR radar active reporting

OxA6 . FE 1B LR report abnormal situations

OxA7 : FIRFIEE 4 RA S report radar fireware version
number

0xA8: EZE JTiR ACK ACK of configuration start

O0XA9: BLEZER ACK ACK of configuration completion

HIEKE
Data Length

BIREEFBROKE, FERHMFER.
Referring to the length of a single data field, not including other
fields.

¥ ¥E Data

HREHE valid data

RS

Checksum

CRC-8 KK, M2 FFRIERFE—IUBFEITE
CRC-8 checksum calculation, from the command word field to

the last data field

M& Frame Tail

EE A OxF8 fixed to OxF8

Waiting for your suggestion at anytime.
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5.2 T/IEHFXIE4 Radar Switch Commands
WMBFTAEIEL, THNT TRATIES. BAFRREBRINAT G, BLET MBS EBIZIES KK T
EBXFREL. HREBEEROT ¢

To activate the radar, the lower computer can issue the following commands. The default state
of the radar switch is set to ON. It can subsequently be turned OFF and back ON by receiving this

command. The detailed data format is as follows:

R A%E Host computer sends :

sk Frame header 1 & 2 4 0XD7 fixed to OXD7
w4 F Command 1 0x01; FEFFE radar switch
word
BHRKE 1 0x01
Data Length
#4E Data 1 F3 1 byte 1 : 55 A command types

0x00 : KM EEI1A deactivate radar

0x01 : FFIEEEIA activate radar

KIFI Checksum 1 CRC-8 KM, ML FFREIZE—MHRFERITE

CRC-8 checksum calculation, from the command word field to

the last data field
& Frame Tail 1 E A OxF8 fixed to OxF8
=5l eg.: D701 01 01 crc8 F8

Waiting for your suggestion at anytime. - 16 - E-mail : sales@eardatek.com
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ik MCU iR[E Radar MCU returns :

sk Frame header 1 E 4 0xD7 fixed to OxD7
w4 F Command 1 OxAl: EFIATFF3< ACK ACK of radar switch
word
BHRKE 1 0x02
Data Length
¥4E Data 2 F3 1 byte 1 : TFILFFFIRA radar switch status

0x00 : &1Lk radar off
0x01 : EBiAFF/Z radar on
FT 2 byte 2 1 ELER configuration result
0x00 : IRE XK configuration failed
0x01 : ®RERIN configuration successful
KIF Checksum 1 CRC-8 K, MHLSFFEE —MIEFBRITE
CRC-8 checksum calculation, from the command word field to
the last data field

miE Frame Tail 1 ElE A OxF8 fixed to OxF8
=~ e.g.: D7 A 0200 01 crc8 F8

Waiting for your suggestion at anytime. -17- E-mail : sales@eardatek.com
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5.3 IR FEILECE Retrieve Radar Configurations
MBHFNELRE, LA TEROTHESHNT, Ed, URBEERIAANA 3, TEAFRIRESEIA
HBIEFR, FELRARRSERINATE., BERERIESER LN EREELSEIEARNES. F4H

HIIBEE R TR,

To obtain radar configurations, the Host computer may issue the following commands. By default, the
detection sensitivity is set to level 3, the radar switch status defaults to ON, and radar reporting switch is
also set to ON by default. The radar will return real-time feedback indication whether parameter
madification was successful. Refer to the table below for detailed format specifications.

R A% Host computer sends :

misk Frame header 1 BElE 4 0XD7
¥ Command 1 0x02: $kEVEIAECE retrieve radar configurations
word
BHRKE 1 0x00
Data length
¥4 Data 0 THIE no data
REH 1 CRC-8 R, Mop<FFREKE—MEEFRITE
Checksum CRC-8 checksum calculation, from the command word field to
the last data field
WUE Frame tail 1 JE A OxF8 fixed to OxF8

7~ e.g.: D7 02 00 CRC8 F8

Waiting for your suggestion at anytime.
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1K MCU iR [ Radar MUC returns :

Model : ERD-R2412NACO0-001

sk Frame header

1

EE 4 0xD7 fixed to 0xD7

#w4F Command

word

O0xA2 . FIRFILECE report radar configuration

HIEKE
Data length

0x03

g Data

FH1RNREE (MRS I SRR XS 0x00~0x04)
byte 1: Detection sensitivity(From low to high, the five levels
correspond to 0x00~0x04 respectively.)
0x00 #4HL 1, FMSERE A 0.8m(level 1, detection range:0.8m)
0x01 #4HZ 2, #FMSEE A 1.1m(level 2, detection range:1.1m)

0x02 #44L 3, HMSEE A 1.4m(level 3, detection range:1.4m)
0x03 #44L 4, FMSEE A 1.7m(level 4, detection range:1.7m)
0x04 HR4LL 5, FRMSERE 4 2.0m(level 5, detection range:2.0m)
F 2 BIRFFRIRE byte 2: radar switch status
0x00 : EiLXK A radar off
0x01 : &L FF/E radar on
FH5 3 FEIA LIRFFIRE byte 3: radar reporting switch status
0x00 : F&) L&A radar report on
0x01 : F&) E#kFF/B radar report off

REN

CRC-8 #H, MmSFFRIRE— MEEFERITE
CRC-8 checksum calculation, from the command word field to
the last data field

E

1

& E A OxF8 fixed to OxF8

~f5l eg.: D7 A2 0300 01 01 CRC F8

Waiting for your suggestion at anytime.
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5.4 BREESEIES Modify Radar Parameter Commands

MBENBILSE, LA TROTIERHT., Ef, HUREERIAANAT 3, BERBERIESER
K BRERREE R ER . FHERNIBER Tk,

To modify radar parameters, the Host computer may issue the following commands. By default, the
detection sensitivity is set to level 3. After receiving the radar commands, radar will continuously return the
modified results in real-time.

I A3% Host computer sends :

=E% Field KE Length P HEA Clarification
(Byte)
Mk Frame header 1 [EE 4 0xD7 Fixed to OxD7
w%F Command 1 0x03 : & EIAZ4L modify radar parameter
word

BIEKE 1 0x01

Data length

##7 Data 1 FH1RWEERE (MRS IR IS R 0x00~0x04)

byte 1: Detection sensitivity(From low to high, the five levels
correspond to 0x00~0x04 respectively.)
0x00 A4AL 1, HMSEE A 0.8m(level 1, detection range:0.8m)
0x01 #4AL 2, HMSEE A 1.1m(level 2, detection range:1.1m)

0x02 A4z 3, HWMSEE A 1.4m
0x03 #4467 4, TRWSEE A 1.7m
0x04 #4AL 5, BMSE B A 2.0m(level 5, detection range:2.0m)

(level 3, detection range:1.4m)
(

level 4, detection range:1.7m)

B3 Checksum 1 CRC-8#2%e, MB4FFREIRE—MURFRIH
CRC-8 checksum calculation, from the command word field to

the last data field

ME Frame tail 1 & H OxF8 fixed to OxF8

~f5l e.g. : D703 01 00 CRC F8

Waiting for your suggestion at anytime. -20- E-mail : sales@eardatek.com
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1K MCU iR [ Radar MCU returns :

Mk Frame header 1 EE 4 0xD7 fixed to 0xD7
4% Command 1 OxA3 : &5 %1 ACK ACK of modifying parameters
word
BIRKE 1 0x02
Data length
##= Data 2 F 1 RNSERE (MERS B MERLACK IS R 0x00~0x04)

byte 1: Detection sensitivity(From low to high, the five levels
correspond to 0x00~0x04 respectively.)
0x00 #H4L 1, FMSEE A 0.8m(level 1, detection range:0.8m)
0x01 #4L 2, FMSEEA 1.1m(level 2, detection range:1.1m)

0x02 #4147 3, TMSEEH 1.4m(level 3, detection range:1.4m)
0x03 R4QL 4, HMSEE A 1.7m(level 4, detection range:1.7m)
0x04 : #5441 5, FEMSEE 4 2.0m(level 5, detection range:2.0m)
FH 2 IREBLER byte 2: configuration result
0x00 : RE LM configuration failed
0x01 : B M IN configuration successful
K H Checksum 1 CRC-8 KK, Mo FFRIERE—MEFRITE
CRC-8 checksum calculation, from the command word field to

the last data field

Mi/E Frame tail 1 ElE A OxF8 fixed to OxF8
=5 eg. : D7 A302 00 01 CRC F8
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5.5 /L LI Radar reporting switch

WMHBEFRELTH LR, EUMTRATIESRIT ., Hf, Tk HRARSEKINAT B, Bkl
LB LMREFILER LIRAREERINES. FHEENIBEER T *.

To configure radar active reporting switch, the Host computer may sends the following commands. By
default, radar reporting switch is set to ON. After receiving the radar commands, radar will return
continuously and in real-time whether the radar active reporting switch setting is successful or not.

R A% Host computer sends :

32

FE& Field KE Length i BH Clarification
(Byte)
sk Frame header 1 E 4 0xD7 fixed to OxD7
#4=% Command 1 0x04 : EIRFFX454 report switch command
word
BIEKE 1 0x01
Data length
#48 Data 1 FIH 1 bytel
0x00 : < EH)_E#R deactivate active reporting
0x01 : FTFFEHN LR activate active reporting
KEEF Checksum 1 CRC-8 K%, Min*FFREGZE—MEFRITE
CRC-8 checksum calculation, from the command word field to
the last data field
WiUE Frame tail 1 7E i OxF8 fixed to OxF8

{ERESHRF X897~ Example of enabling the RF switch : D7 04 01 01 CRC F8

Waiting for your suggestion at anytime.

-22- E-mail : sales@eardatek.com




EI (i ; DATEK Model : ERD-R2412NACO0-001

1K MCU iR [ Radar MCU returns :

M3k Frame header 1 ElE 4 0XD7
#4%F Command 1 OxA4 : BEIA_FIRFF ACK
word
HHRCE 1 0x02
Data length
I Data 2 FH 1 EF EIRFFFIRT byte 1: active report switch status

0x00 : F&=N EIRXMH active reporting OFF
0x01 : & E#RFZ active reporting ON
FH 2 IREBLER byte 2: configuration result
0x00 : IRE XM configuration failed
0x01 : ®ERIN configuration successful
gl 1 CRC-8 RE, MinFFRI&KE—THEFRITE
CRC-8 checksum calculation, from the command word field to

the last data field

i E 1 BBl %E b OxF8 fixed to OxF8
R receiving example : D7 A4 02 01 CRC F8
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5.6 HixESN EIREMAIRD Radar Active Reporting Sensing Status

U TSEERAIXEEN (0x01), TEIZSeEIMIEREN (0x00) .

Data 0x01 will be reported if human is detected within the pink region. Data 0x00 will be reported if
human is detected outside the pink region.

&M detection range © =1500(1200)mm(+31deg)

R

AN

[ /T

/ X

FEMIRU T Detailed format is as follows :

sk Frame header 1 E £ 4 0xD7 fixed to OxD7
¥ Command 1 OxA5 . Fi1AF =N IR radar active reporting
word
BHRKE 1 0x01
Data length
#4E Data 1 0x01 : #MZEJ AKX Human body is detected.
0x00 : K4 MZE AL no human body detected
KU1 Checksum 1 CRC-8 K8, MaF@FFRIIRA—NMERFBITE
CRC-8 checksum calculation, from the command word field to
the last data field
WiE Frame tail 1 B2 4 OxF8 fixed to OxF8

~f5l e.g. : D7 A501 01 CRC F8
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5.7 BHERA LR Abnormal Situations Reporting
TFHIA MCU k3% Radar MCU sends :

misk Frame header 1 [EE A 0xD7 fixed to 0xD7
#4% Command 1 OxA6: FikF% HIR radar abnormal situations reporting
word
BIEKE 1 0x01
Data length
#3E Data 1 FH 1 $EIRER byte 1: error type

OxF1 : TFIRBEET busy radar communication

OxF2 : N EIREIERE abnormal received data

OxF3 : REELE R ME reserved

KIS F Checksum 1 CRC-8 K%, MB{FFRIRE—ERBFRITE

CRC-8 checksum calculation, from the command word field to

the last data field

MiE Frame tail 1 &} OxF8 fixed to OxF8
T~ e.g. : D7 A6 01 F1 CRC F8

® AGIELHEUEE A6 command parameter list
A6 X&= LRI THFEIRE, RERESNNABETSILFERE. The A6 command only reports the
following abnormal statuses. Refer to the comments for explanations of each error statuses.

#define  ERR_WRONG_PARAM 0 /*+< Params Error */

#define  ERR_SYSTEM_BUSY 1 /+x< System Busy, Send message later */
#define  ERR_CHECK_FAILED 2 /**< Frame check failed */

#define  ERR_WRONG_STATE 3 /+*< Wrong State, Send message later */
#define  ERR_UNSUPPORT_CMD 4 /**< Unsupport cmd type */

® ELHSEMARNERISHATESERXEN, ¥ £k ERR_ WRONG_PARAM(0), If parameter
format in the command is incorrect, or the parameter values are out of valid range,

ERR_WRONG_PARAM(0) would be reported.

ETRNSERAALER, DSHKELK, HFTANSHATFEERXE, W 0x03 F5SH Y
AfEIRE A 0x05. EEIAK LR ERR WRONG_PARAM(0), LK FEFERESHRERTIER, BEHR
FEEF T XI55, If the issued parameter format is incorrect (e.g., the parameter length exceeds limit) or the
parameters are out of the valid range (e.g., level value is set to 0x05 in 0x03 command), the radar would
report ERR_WRONG_PARAM(0Q). In this case, upper-layer must verify parameter setting, correct the errors,
and resend the command.
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RGESEWEGFEXEHE, WEI#HMNIES . B LR ERR_SYSTEM_BUSY(1). If a new command is
received while the system command reception buffer is full, ERR_SYSTEM_BUSY(1) would be
reported.

LERFNEREFXDHN, BREFNESRSSEZE. ENKRBHFHNESE, TR LR
ERR_SYSTEM_BUSY(1), EEFRFZA TRMIECEENITREE, BRHIIES. If the system command
reception buffer is full, receiving new commands will cause packet loss. In this case, after receiving a new
command, the radar will report ERR_SYSTEM_BUSY(1). The upper-layer must wait for the execution status
response of the previously issued command before sending new commands.

o EIEMIAYL. B CRC. BB KERIKMAS, ¥ ik ERR_CHECK_FAILED(2), If the verification of the
frame header,frame tail, CRC, or data length fails, ERR_CHECK_FAILED(2) would be reported.
LEEMARRELMIK, ME. CRC. HIEKE)FHNEE—MEIARREKEN, R5HE LR

ERR_CHECK FAILED(2), ltNFELERERRESRSETERH, WRRREETRERNAITERBINL

BATESENES, TR2RELESHMHBEEIEEIT. If any check of the data frame’ s verification

fields(header, tail, CRC, or data length) fails, the system would report ERR_CHECK_FAILED(2). In this case, the

upper-layer system must verify the correctness of the sent verification data. If the verification data is
confirmed correct, the issue may stem from unreliable communication(e.g., packet loss). Recommended
actions include re-transmitting the command or optimize the communication circuit design.

®  TIAVNAILET, U E B 03540 3R ERR_WRONG_STATE(3), During the stage of radar initialization,
ERR_WRONG_STATE(3) would be reported if the system receives any serial port commands.
Fg tBE, BIAHFE 10S ANVRANE. EYRUMBREREEFTEHRTELTE, BIZRET
BRR AUE% 0464, MBEKEITES, R5EEE ERR WRONG_STATE3), BEEFRLEREE
7){1_15 §%. After the system is powered on, the radar requires an initialization time of within 10 seconds.
During the initialization phase, the radar algorithm requires continuous computation, during which the
radar will not process serial port commands. If a command is received, the system will reply with
ERR_WRONG_STATE(3). Please wait until the initialization is completed before re-sending the command.

® UEZTAMNIESIHEMNANMNESH, ¥ IR ERR_UNSUPPORT_CMD(4), If the system issues
unsupported command type, ERR_UNSUPPORT_CMD(4) would be reported.
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5.8 R FEIEEMAS Retrieve Radar Fireware Version Number

MBRBE AR LEMHIRAS, TBLZIELSER FTRERIEXFERKERHFIFIL MCU EHiRA
5. FARKIBEER TR,

To retrieve current radar fireware version number, The query can be performed through this
commands. After receiving the command, system will return current radar MCU fireware version
number.Refer to the table below for detailed format.

I A3% Host computer sends :

Mk Frame header 1 € 4 0xD7 fixed to 0xD7
#4%F Command 1 0x07: 3REREEIA MCU E kA S retrieve radar MCU fireware
word version number
HIEKE 1 0x00
Data length
HIE Date 0 v
BHEA Checksum 1 CRC-8 K%, MarFFREZEE—NMEIEFRITE
CRC-8 checksum calculation, from the command word field to
the last data field
WiE Frame tail 2 [E £ 4 OxF8 fixed to OxF8

=5l e.g. : D707 00 CRC F8

ik MCU iR[E Radar MCU returns :

Mk Frame header 1 ElE A 0XD7
#4 =% Command 1 OxA7: FIREIL MCU BE#FrRAS
word
HIRCE 1 0x03
Data length
#4E Data 3 FH 1 KRAS byte 1: large version number

F35 2 1 FARAS byte 2: medium version number

F15 3 . IZNMRAS byte 3: small version number

RIEF Checksum 1 CRC-8 KR, MHEFFRIKE—NEHEFZERITE

CRC-8 checksum calculation, from the command word field to

the last data field

mUE Frame tail 1 & & OxF8 fixed to OxF8
$ZURHI receiving example : D7 A7 03 01 00 00 CRC F8
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5.9 BB IFIEIE4 Configure Start Commands

NEIETRE IR SDAELFLS TR ETITHIT.

Any other commands issued to the radar must be executed only after this command has been issued.
FfI# &% Host computer sends :

sk Frame header 1 E 4 0xD7 fixed to OxD7
w4 F Command 1 0x08: TiLEH AN "EWE EIESIKEL" Radar enters
word ‘configuration command reception status’
BHRKE 1 0x00
Data length
#4E Data 0 7 none
BEH Checksum 1 CRC-8 Y, Mo FFREIRE—NMHEFRITE
CRC-8 checksum calculation, from the command word field to
the last data field
ME Frame tail 2 & A4 OxF8 fixed to OxF8

-~ e.g.: D7 08 00 CRC F8
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1K MCU iR [ Radar MCU returns :

misk Frame header 1 EEH 0xD7 fixed to OxD7
<F Command 1 0xA8: EIREFEIAREMIMHAN “BIREEFRFSIRE"  report if
word radar has successfully entered  ‘configuration command

reception status’

HIEKE 1 0x01
Data length
#3E Data 1 FA 1 F5ELSHITIER byte 1: command execution situations

0x00 : TR, RHAN “EHEEEBEIEIRZE"  execution
failed, not enter ‘configuration command reception status’

0x01 @ $WfTATN, HAN “BEWEEHESKRT”  execution
successful, enter - ‘configuration command reception status’
KIEF Checksum 1 CRC-8 K, MaeFFRIERE—NTMEEFERITE

CRC-8 checksum calculation, from the command word field to

the last data field

MR Frame tail 1 & E b OxF8 fixed to OxF8
R receiving example : D7 A8 01 01 CRC F8
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5.10 e B £ % I84 Configure Completion Commands

WNEIETREIEMGSHRER GRS TR ETITHIT.

Any other commands issued to the radar must be executed only after this command has been issued.
FfI# &% Host computer sends :

sk Frame header 1 E £ 4 0xD7 fixed to OxD7
#4=% Command 1 0x09: BILBHY “HEWBEEILSIKA" Radar exits the
word ‘receiving configuration command status'’
BHRKE 1 0x00
Data length
HIE Date 0 I
KIEF Checksum 1 CRC-8 KL, ML FFEE — M EFBITE
CRC-8 checksum calculation, from the command word field to
the last data field
ME Frame tail 2 & £ A4 OxF8 fixed to OxF8

-~ e.g.: D709 00 CRC F8
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1K MCU iR [ Radar MCU returns :

misk Frame head 1 & E A 0xD7 fixed to 0xD7
4% Command 1 0xA9: FIREBIXREMINEE “HBELEHEDKRS
word Report if radar has successfully exited ‘receiving

configuration command status’

HIEKE 1 0x01
Data Length
#4E Data 1 FH 1 FESHITIE R byte 1:command execution status

0x00 : fTRM, RBH “EWELEIESIRT" execution

failed, not exit  ‘receiving configuration command status’
Ox01 : $fTR DI, BRE “FEWEEBEIESDIRS"  execution

successful, exit receiving conflgurat|on command status’

KIEF Checksum 1 CRC-8 R, Mm@ FFERIRR—ITHEFERITE
CRC-8 checksum calculation, from the command word field to

the last data field

mi/E Frame tail 1 % 4 OxF8 fixed to OxF8
R receiving example : D7 A9 01 01 CRC F8
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5.11 CRC-8 Ey:UiBl CRC-8 Algorithm Clarification

- ERD-R2412NAC0-001

CRC-8 EAFREMT CRC-8 algorithm is given as follows :
/**
* Q@brief Get crc-8(0x1D, 0x95) check code
* @note
* @param *data: check data
* @param length: data length
* @retval
*/
uint8 t crc8(uint8 t *data, uint8 t length)
{
uint8 t crc
uint8 t i =
uint8 t j

0;

I3

o o |

’

for(i = 0; i < length; 1i++)
{

crc “= datalil];

for(j = 0; J < 8; j++)
{
if (crc & 0x80)
{
crc = (crc << 1) »~ 0x1D;

}

else

{
crc <<= 1;
1
}

return crc;
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Appendix 3
= R R A 75 ik

1) SifRilizt
ME %S RD102024010 FEamaK ERD-R2412NACO-001 gL Riae
T MARXE= T B j] 2025-3-27

MAkFESTR SEAL. 246 R % . G45fi%. DC 5V fite.

BARRR L E N 246 UKL 10en £, FFUSIAMTR, EFIEE

Wik FRPEER.
SRR HEER R B S7E 24. 00-24. 2501 SRERP, $SAARESH 2501,
Wik R T EE
HEHS WikEER
#1 PASS
#2 PASS
#3 PASS
#4 PASS
#5 PASS

MK LER « PASS
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2 ) BSEEEMi
T B %S RD102024010 P mER ERD-R2412NACO-001 E1f % k=g
M b e = izt B ) 2025-3-27
MAEESTR LMERBR. EO0TA. PC,
St 75 L. ﬁ%%mﬂﬁ%&ﬁ 4.7V/8V/12V, @k{ﬁ!ﬂﬁ%’h%}iﬂ%@?%&@&lﬂﬁ% ;
2. FTHRRHBBEA 4. 7V/8V/12V, FIMA=/BET TX. RXBIHBE.
. | FEETEREBHRIMEAARESREAES |
2. ZFEBE TR T TX. RX BB KA 5V+0. 3V,
HaRS RETREMIXER B EMIRER
#1 PASS PASS
#2 PASS PASS
#3 PASS PASS
#4 PASS PASS
#5 PASS PASS

MK LER « PASS
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3 ) IhEMit
ME%S RD102024010 EmAR ERD-R2412NACO-001 LLig{L Eas
T MEAEE=E s B ) 2025-3-27
MR EEESTHR | &M ERER. Esight BRM. PC. #AOTH,
MK 75 3% BATBERMEBE 5V, FH esight WEERAGKGRE 2nin, ERFEHHER.
HIHFFRE I 16+2mA,
HRES MK ER
#t1 PASS
#2 PASS
#3 PASS
#4 PASS
#5 PASS

MK &L : PASS
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TR A WF R SEEG = TR 1] 2025-3-27
WREHEETHR | Pc. HOTH, R,
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2. MR G2 R RETE A (REAZ RS 3m) L 0. bn/s SEIT B AE /AR 0. 98m 4L, WEE EAIHL

L2 R A (55
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iz f R
iz
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